Perivascular epithelioid cell tumours (pecomas) are rare mesenchymal tumours that are characterized by perivascular epithelioid cell differentiation and immunoreactivity to myogenic and melanocytic markers. These tumours can be classified as benign, uncertain malignant potential, or malignant. Because of the rarity of pecomas, their cause and clinical prognosis remain unclear.
INTRODUCTION
Although multimodal therapy has resulted in improved long-term survival for children diagnosed with rhabdomyosarcoma, childhood rhabdomyosarcoma survivors are at an increased risk of developing secondary neoplasms 1 . The 10-year cumulative incidence rate for development of a secondary neoplasm is 1.7%, with median time to onset being 7 years and the most common secondary neoplasm being bone sarcoma 2 . The risk in these cases is attributable primarily to the initial cancer treatment, with a higher risk being observed in children treated with a combination of high-dose radiation therapy (rt) and chemotherapy, young age at diagnosis, and a genetic predisposition to cancer [1] [2] [3] . Although secondary neoplasms arising in a high-dose rt field are a well-known complication of childhood cancer 3 , the present report concerns the first case of a perivascular epithelioid cell tumour (pecoma) of the terminal ileum mesentery arising 22 years after treatment as a secondary neoplasm within a high-dose rt field in an adult survivor of embryonal rhabdomyosarcoma.
Perivascular epithelioid cell tumours belong to a group of rare mesenchymal soft-tissue tumours that consist of perivascular epitheloid cells and that can be classified as benign, uncertain malignant potential, or malignant [4] [5] [6] . Almost all have immunoreactivity to myogenic (actin or desmin, or both) and melanocytic (hmb-45 or Melan-A, or both) markers 7 . These tumours arise mostly in adults at visceral, retroperitoneal, and abdominopelvic sites 8 .
Because of the rarity of pecomas, their cause remains for the most part unknown. Perivascular epithelioid cell tumours of the mesentery are remarkably rare, and fewer than 10 cases are currently reported in the literature 4, [9] [10] [11] [12] . To the best of our knowledge, the literature current contains no reports describing a pecoma of the terminal ileum mesentery as a secondary tumour in a survivor of childhood cancer. Our case highlights the importance of screening and surveillance in high-risk childhood cancer survivors treated with high-dose radiation therapy. Further research to improve the understanding of this remarkably rare tumour is warranted.
CASE PRESENTATION
A 27-year-old man had been treated at age 5 for an embryonal rhabdomyosarcoma of the prostate and posterior bladder wall. He received chemotherapy (doxorubicin to a total dose 343 mg/m 2 , vincristine, cyclophosphamide, cisplatin, and actinomycin D) plus pelvic rt by the parallel opposed-pair technique to 50 Gy in 25 fractions. He developed hemorrhagic cystitis as an early complication of the cyclophosphamide and pelvic rt, which resolved completely. Late complications of therapy included bilateral hydroceles (treated surgically), two stable echogenic liver lesions secondary to benign focal nodular hyperplasia, and urethral stricture requiring intermittent dilation. No evidence of recurrent rhabdomyosarcoma had ever been observed.
During routine follow-up, computed tomography (ct) imaging showed a new, 3.1×2.7×3.9 cm isodense mass with well-defined borders in the right lower quadrant adjacent to loops of the distal terminal ileum (Figure 1 ), within the patient's previous high-dose rt field. No radiologic signs of malignancy were observed other than the presence of the new isodense mass, and no evidence was seen of invasion of adjacent structures or enhancement. No pelvic abnormality was palpable on examination.
The patient had no clinical features of tuberous sclerosis complex and TSC1/2 mutation testing was not performed because the patient declined genetic testing. He underwent resection of the mass, and the pathology was consistent with a pecoma. The margins of excision were negative. More than 3 years later, no evidence of recurrent pecoma has been observed.
Gross pathologic examination revealed a tumour nodule in the mesentery, with overlying intact serosa, 2 cm from the mesenteric resection margin. The nodule was well-circumscribed and rubbery in nature, with a browntan fleshy appearance on the cut surface. Histologically, the tumour was composed predominantly of large polygonal epithelioid cells with abundant clear-to-granular eosinophilic cytoplasm arranged in subtle nests surrounded by delicate capillary vessels [ Figure 2 (A)]. The tumour cells showed binucleate, and occasionally multinucleate, morphology. There was focal association with the walls of blood vessels. No necrosis was evident, and the mitotic rate was 2 in 50 high-power fields. Immunohistochemistry revealed that the tumour cells reacted diffusely to the melanocytic markers HMB-45 and Melan-A [ Figure 2 
(B).]
Risk stratification in pecoma uses the classification system developed by Folpe et al. 4 , which takes into account a number of high-risk histopathologic features (size > 5 cm, infiltrative growth pattern, high nuclear grade and cellularity, mitotic rate ≥ 1 in 50 high-power fields, necrosis, and vascular invasion) to stratify the tumours into "benign," "uncertain malignant potential," and "malignant" risk categories. The proposed criteria for pecomas exhibiting uncertain malignant potential consists of nuclear pleomorphism or multinucleated giant cells or tumour size exceeding 5 cm. Additionally, pecomas with only 1 high-risk histopathologic feature other than nuclear pleomorphism or multinucleated giant cells are categorized as "uncertain malignant potential." Based on that classification scheme, the presence of nuclear pleomorphism or multinucleated giant cells and a mitotic rate exceeding 1 in 50 high-power fields led to a final diagnosis of pecoma with uncertain malignant potential in this case. Nevertheless, classifying a pecoma as malignant on morphology grounds alone might not be highly accurate. Based on histologic characteristics, pecomas can be classified as benign, but can in fact have aggressive clinical behavior, with the opposite being true for malignant pecomas 13 .
DISCUSSION
Most pecomas can be characterized by a distinct histology and immunohistochemistry profile. The epithelioid (in some cases, spindled) cells with clear-to-granular eosinophilic cytoplasm that make up pecomas show focal association with blood vessel walls and (generally) immunoreactivity to melanocytic (HMB-45 or Melan-A, or both) and myogenic (actin or desmin, or both) markers 7, 8 . Imaging characteristics for pecomas vary considerably, and preoperative imaging alone is incapable of establishing a definitive diagnosis of pecoma. However, certain imaging characteristics can help to improve the diagnosis of pecoma 14 : low-density appearance on ct images, hypointense appearance on T1-weighted magnetic resonance imaging, and hyperintense appearance on T2-weighted imaging 14, 15 . Furthermore, pecomas typically have well-defined borders and are heterogeneously enhanced in the arterial and venous phases 14, 15 .
Malignancy criteria for pecomas are not well established, which poses difficulty for predicting clinical behaviour 12, 16 . This lack of criteria is primarily a result of the tumour's rarity and the limited follow-up reported in most cases 12, 17, 18 . The limited number of malignant cases published thus far have described malignant spread as being characterized by a locally infiltrative growth pattern, vascular invasion, a high mitotic rate, necrosis, and tumour size exceeding 8 cm 4, 14, 16, [19] [20] [21] [22] . The clinical behaviour of pecomas is generally benign. However, pecomas can display aggressive clinical behaviour, and some reported cases resulted in death 10, 11 .
Although pecomas can be found at various anatomic sites, they are markedly more frequent in women, with 40% developing in the gynecologic tract 4, 8 . In particular, the ratio of pecomas of the mesentery by sex is 2:1 (women:men) 9 . Furthermore, in most case reports of pecoma of the mesentery, the tumour was malignant, with recurrence being reported within 6-22 months. However it should be noted that such recurrence could be attributed to a few cases being treated with a combination of chemotherapy and rt after surgical resection 9 . The mean survival time for a malignant pecoma of the terminal ileum is estimated to be 28 months 23 .
Only two cases in the literature reported pecoma occurrence as a secondary tumour after treatment for childhood cancer. Honda et al. 24 described a pecoma (more specifically, a hepatic angiomyolipoma) occurring in a 19-year-old man 14 years after treatment for a stage iv pelvic rhabdomyosarcoma. This survivor had undergone 4 cycles of chemotherapy, pelvic exenteration, and intraoperative radiation with no evidence of recurrence. His pecoma was successfully treated with surgical resection, and immunohistochemistry showed that the tumour cells were positive for melanocytic marker HMB-45. Histology was characteristic of a pecoma. No evidence of recurrence was observed 8 months after treatment. Iyengar et al. 16 reported a pecoma of the orbit occurring in a 9-year-old girl 8 years after treatment for a perianal embryonal rhabdomyosarcoma. This survivor had undergone chemotherapy and surgery, and no recurrence had been evident. Her pecoma was also successfully treated with surgical resection. The immunohistochemistry profile showed positivity for the melanocytic marker HMB-45 and for the tyrosinase and myogenic markers calponin and smooth muscle actin. Histology was characteristic of a pecoma. No evidence of recurrence was seen at her 7-month follow-up. Both cases demonstrate the distinctive immunohistochemistry and histology associated with pecomas, as well as the extreme rarity of these tumours arising as secondary tumours in childhood cancer survivors.
Because of the difficulty in accurately predicting the behaviour of pecomas and the limited number of cases with long-term follow-up, a cautious clinical approach in which pecomas are regarded as tumours with uncertain malignant potential in the absence of malignant characteristics is recommended 16 .
Treatment of pecomas can be quite complex. Surgery is often the best course of treatment because pecomas do not respond well to chemotherapy or rt [4] [5] [6] . Most importantly, routine follow-up after treatment is essential, and in our case, the patient has remained disease-free for more than 3 years. The Children's Oncology Group Long-Term FollowUp Guidelines state that physical examination, including inspection and palpation of skin and soft tissues exposed in the rt field, should be conducted annually to assess for a potential secondary benign or malignant neoplasm in childhood cancer survivors treated with rt 25 . However, no specific guidelines for secondary neoplasms in childhood cancers treated with pelvic rt have addressed the role of imaging in screening (for example, frequency or type of imaging). Long-term surveillance is an essential aspect of patient management because pecoma recurrences have been reported more than 5 years after treatment 26 . Based on our clinical expertise, we have scheduled our patient for and annual clinical examination consisting of magnetic resonance or ct imaging (depending on availability), to screen for secondary neoplasm or recurrence. Because of resource issues, magnetic resonance or ct imaging might not be accessible, and an alternative patient management strategy to screen for secondary neoplasms or recurrence is to conduct an annual clinical examination with ultrasonography and to evaluate the need for further imaging [27] [28] [29] .
SUMMARY
Although development of a pecoma is a rare occurrence, our case illustrates the need for further research to determine the optimal use of imaging to screen for secondary
